Abstract. Lung cancer is the most common cause of cancerassociated mortality for men and women worldwide. An increasing number of studies have reported that the abnormal expression of microRNAs contributes to the pathogenesis of the majority of human cancer types, including non-small cell lung cancer (NSCLC). The present study aimed to measure microRNA-650 (miR-650) expression in NSCLC and evaluate its function in NSCLC cells. Reverse transcription-quantitative polymerase chain reaction was used to determine miR-650 expression in NSCLC tissue samples and cell lines. Assays for cell proliferation, migration and invasion were performed to investigate the roles of miR-650 on NSCLC progression. Furthermore, the mechanisms underlying the effects of miR-650 on NSCLC cell growth and metastasis were determined. In the current study, miR-650 was demonstrated to be highly expressed in NSCLC tissue samples and cell lines. Inhibition of expression of miR-650 suppressed NSCLC cell proliferation, migration and invasion in vitro. Additionally, large tumor suppressor kinase 2 (LATS2) was identified as a direct target gene of miR-650 in NSCLC. LATS2 was revealed to be significantly downregulated in NSCLC tissues and was negatively correlated with miR-650 expression. Notably, LATS2 re-expression decreased NSCLC cell proliferation, migration and invasion; similar to the effects induced by miR-650 underexpression. In conclusion, the results of the current study suggest that miR-650 may serve as an oncogene by direct targeting LATS2 in NSCLC formation and progression.
Introduction
Lung cancer is the most common cause of cancer-related mortality both for men and women worldwide, with an estimated of 1.4 million deaths per year (1, 2) . There are two principal forms of lung cancer: Small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) (3) . In total, approximately 85% of patients present with NSCLC, while the remaining present with SCLC (4) . The most common subtype of NSCLC is adenocarcinoma, which accounts for 32-40% of all NSCLC patients, followed by squamous NSCLC (25-30%) and large cell NSCLC (8-16%) (5) . Recently, the therapeutic treatments have made great progress; however, the prognosis for patients with NSCLC remains poor and the five-year overall survival rate is only 15% (6) . An increasing number of evidences indicated that tumor metastasis and recurrence are frequent, and huge challenges in the therapy of NSCLC, and mostly responsible for the low five-year survival rate (7) (8) (9) (10) . Cumulatively, this highlights the urgent need to fully understand the mechanism on NSCLC formation and progression and identify novel therapeutic strategies.
MicroRNAs (miRNAs) are new series of endogenous, non-coding and short RNAs that have been demonstrated as one of the gene regulators (11) . miRNAs negatively modulate gene expression through binding to the 3'-untranslated regions (3'UTRs) of the target genes in base pairing manner and therefore resulting in either translation suppression or corresponding mRNAs degradation (12) . Accumulated studies have reported that miRNAs regulate approximately one third to as many as two thirds of human genes and are involved in a number of cellular biological processes, such as cell proliferation, apoptosis, metabolism, immunity and metastasis (13) (14) (15) . To date, multiple miRNAs have been found to be abnormally expressed in NSCLC, such as miR-124 (16), miR-154 (17), miR-320 (18), miR-485 (19) and so on. In human cancer, deregulated miRNAs act as tumor suppressors or oncogenes, depending on the tumor types and roles of their target genes (20) . Therefore, investigations of miRNAs in NSCLC may provide new therapeutic targets for diagnosis, therapy, and prognosis of patients with this disease.
miR-650 has been studied in several types of human cancer (21) (22) (23) . In this work, we measured miR-650 expression in NSCLC tissues and cell lines. The biological roles of miR-650 in NSCLC occurrence and progression, and its underlying mechanisms were also investigated.
Materials and methods
Tissue samples. Fifty-three paired NSCLC tissues and their adjacent normal lung tissues were collected from NSCLC patients who treated with surgery at The Seventh People's Hospital of Shanghai University of TCM (Shanghai, China). All tissue specimens were immediately frozen in the liquid nitrogen and stored at -80˚C refrigerator. None patients underwent chemotherapy or radiotherapy prior to surgery. This study was approved by Ethical Committee of The Seventh People's Hospital of Shanghai University of TCM, and written informed consent was provided by each patient.
Cell lines and culture condition. Five human NSCLC cell lines (H23, H522, A549, H1299, SPC-A1), one normal bronchial epithelial cell line (16HBE) and HEK293T cell line were purchased from American Type Culture Collection (Manassas, VA, USA). Cells were cultured in RPMI-1640 culture medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA), 100 U/ml penicillin, and 100 µg/ml streptomycin (Gibco, Grand Island, NY, USA), in a 5% CO 2 humidified incubator at 37˚C.
Cell transfection. miR-650 inhibitor and miRNA inhibitor negative control (NC inhibitor) were obtained from GenePharma (Shanghai, China). pcDNA3.1-LATS2 plasmid and blank pcDNA3.1 plasmid were designed and synthesized by RiboBio (Guangzhou, China). Cells were seeded into six-well plates at a density of ~70% confluence. Cell transfection was performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) following to the manufacturer's instructions. After incubation in a 5% CO 2 humidified incubator at 37˚C for 8 h, the medium in each well was replaced by RPMI-1640 culture medium containing 10% FBS.
Total RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from tissue samples and cell lines using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). TaqMan ® microRNA assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) was adopted to determine miR-650 expression, with U6 serving as an internal control. For quantitative analysis of LATS2 mRNA, reverse transcription was carried out using PrimeScript RT reagent kit (Takara Bio, Inc., Otsu, Japan). The qPCR was performed using SYBR ® Premix Ex Taq (Takara Bio, Inc., Otsu, Japan) on Applied Biosystems 7500 Real-time PCR System (Applied Biosystems, CA, USA), with β-actin as an internal control. All reactions were performed in triplicate and the relative expression of miR-650 and LATS2 mRNA was calculated using the 2 -∆∆Ct method (24) .
CCK8 assay. Cell proliferation was assessed using the CCK8 (Dojindo, Kumamoto, Japan) assay. Transfected cells were seeded into 96-well plates at 3000 cells/well. At various time points following incubation at 37˚C, CCK8 assay was performed by adding 10 µl CCK8 reagent into each well. After incubation at 37˚C in a 5% CO 2 humidified incubator for additional 2 h, cell proliferation was determined by detecting the absorbance at 450 nm using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Migration and invasion assays. Transwell chambers with a pore size of 8 µm (Corning Incorporated, Corning, NY, USA) were used to investigate the capacities of cell migration and invasion. Migration assay was performed with transwell chamber, whereas invasion assay was performed with transwell chamber coated with Matrigel (BD Biosciences, San Jose, CA, USA). Transfected cells were collected 48 h post-transfection and suspended in RPMI-1640 medium without FBS. 1x10 5 cells were seeded into the upper chamber, and RPMI-1,640 medium supplemented with 20% FBS was placed into the lower chamber. After incubation at 37˚C in a 5% CO 2 humidified incubator for 48 h, cells remaining on the membranes of the transwell chamber were removed carefully with cotton swabs. Cells that migrated through the membranes were fixed in 90% ethanol (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany), stained with 0.1% crystal violet (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) and washed with PBS (HyClone, Logan, UT, USA). Values for migration and invasion were evaluated by counting five fields per membrane under an IX51 inverted microscope (Olympus Corporation, Tokyo, Japan; magnification, x200).
Identification of the targets of miR-650.
To identify the putative target genes of miR-650, public available bioinformatics tools, TargetScan (http://targetscan.org/) and miRanda (http://www.microrna.org/microrna/home.do/), were used to predict the candidate genes.
Luciferase reporter assay. For the luciferase reporter assay, pGL3-LATS2-3'UTR-wild type (Wt) and pGL3-LATS2-3'UTR mutant (Mut) were designed and synthesized by GenePharma. HEK293T cells were plated in 24 well plates with 70-80% confluence. After incubation overnight, HEK293T cells were transfected with miR-650 inhibitor or NC inhibitor, followed by co-transfection with pGL3-LATS2-3'UTR Wt or pGL3-LATS2-3'UTR Mut using Lipofectamine 2000. 48 h after transfection, the luciferase activity was determined using the Dual Luciferase Assay System (Promega, Madison, WI, USA). Firefly luciferase activity was normalized to Renilla luciferase activity.
Western blotting. Transfected cells were harvested with cold radioimmunoprecipitation assay lysis buffer containing protease inhibitors (Beyotime Biotechnology Inc., Shanghai, China). BCA assay kit (Beyotime Biotechnology Inc., Shanghai, China) was used to quantify protein concentration. Equal amounts of protein were separated by 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis gel, transferred onto polyvinylidene difluoride membranes (Millipore, Billerica, MA, USA), and blocked in Tris-buffered saline with Tween-20 (TBST) containing 5% non-fat milk. The membranes were then incubated with rabbit polyclonal anti-LATS2 antibody (1:1,000 dilution; catalog no. ab174499; Abcam, Cambridge, MA, USA) and mouse monoclonal anti-GADPH antibody (1:1,000 dilution; catalog no. ab125247; Abcam, Cambridge, MA, USA), at 4˚C overnight. After being washed in TBST for three times, the membranes were incubated with corresponding horseradish peroxidase-conjugated secondary antibody (1:5,000 dilution; Abcam, Cambridge, MA, USA) at room temperature for 1 h. The proteins bands were visualized by using an enhanced chemiluminescence solution (Pierce; Thermo Fisher Scientific, Inc.) and analyzed with AlphaEase FC 4.0.1 software ProteinSimple, San Jose, CA, USA). GADPH was used as an internal control.
Statistical analysis. Data are expressed as mean ± standard deviation (SD) and compared with Student's t-test or one-way ANOVA by using the SPSS 19.0 software package (SPSS Inc., Chicago, IL, USA). The relationship between miR-650 expression level and clinical and pathological variables was analysed using Pearson's χ 2 test. The correlation between miR-650 and LATS2 mRNA expression was analyzed using Spearman's correlation analysis. P<0.05 was considered as statistically significant.
Results

miR-650 is highly expressed in NSCLC tissues and cell lines.
In the present study, miR-650 expression was determined in NSCLC tissues and their adjacent normal lung tissues by using RT-qPCR. As shown in Fig. 1A , the expression levels of miR-650 were higher in NSCLC tissues compared with their adjacent normal lung tissues (P<0.05). This was in accord with the expression pattern of miR-650 in adenocarcinoma of the lung (25) .
In addition, miR-650 expression was detected in NSCLC cell lines (H23, H522, A549, H1299, SPC-A1) and one normal bronchial epithelial cell line (16HBE). Similar to the expression pattern in NSCLC tissues, miR-650 was upregulated in NSCLC cell lines compared with that in 16HBE (Fig. 1B; P<0.05). Here, we also found that miR-650 expressed at different levels in NSCLC cell lines. This mainly due to the tissue specificity of miRNA. These data suggest that the deregulated miR-650 may play important roles in NSCLC initiation and progression.
miR-650 potentiates cell proliferation, migration and invasion in NSCLC.
To determine whether miR-650 contributes to the NSCLC formation and progression, miR-650 inhibitor or NC inhibitor was introduced into H23 and A549 cells. 48 h post-transfection, RT-qPCR was carried out to detect miR-650 expression and found that miR-650 was significantly downregulated in H23 and A549 cells following transfection with miR-650 inhibitor ( Fig. 2A, P<0 .05). Following, CCK8 assay and migration and invasion assays were performed to evaluate the effects of miR-650 underexpression in NSCLC cell proliferation, migration and invasion, respectively. CCK8 assays revealed that following 96 h of treatment, the proliferation suppression rate of miR-650 inhibitor reached 29.19±3.93% in H23 cells (Fig. 2B, P<0 .05) and 26.98±3.46% in A549 cells (Fig. 2C, P<0 .05). Migration of miR-650 inhibitor-transfected cells was obviously decreased to 40.46±5.72% in H23 cells and 45.53±4.63% in A549 cells. Invasion assays also found that miR-650 knockdown reduced cell invasion of 53.98±4.16% in H23 cells and 55.37±4.45% in A549 cells (Fig. 2D, P<0.05) . These results indicate that miR-650 may act as an oncogene in NSCLC.
LATS2 is a direct target of miR-650 in vitro.
We then explored the underlying molecular mechanism of the tumorigenic property of miR-650 in NSCLC. Potential target genes of miR-650 were predicted using bioinformatics analysis. Among these putative targets, ING4 was identified as a direct of miR-650 in gastric cancer (21) and hepatocellular carcinoma (26) , and also CDK1, ING4, EBF3 in chronic lymphocytic leukemia (23), CSR1 in prostate cancer (27) . In this study, we selected LATS2 for further confirmation (Fig. 3A) since it has previously been reported to lowly expressed in NSCLC and be involved in NSCLC formation and progression (28, 29) . To confirm whether LATS2 is a direct target of miR-650, luciferase reporter assay was carried out in HEK293T cells co-transfected with miR-650 inhibitor or NC inhibitor and pGL3-LATS2-3'UTR Wt or pGL3-LATS2-3'UTR Mut. It was found that low expression of miR-650 significantly improved the luciferase activity of pGL3-LATS2-3'UTR Wt (Fig. 3B, P<0.05 ), but the activity of pGL3-LATS2-3'UTR Mut was not changed. To determine whether LATS2 expression is indeed regulated by miR-650, RT-qPCR and Western blotting were used to measure LATS2 expression in NSCLC cells transfected with miR-650 inhibitor or NC inhibitor. Our results demonstrated that miR-650 inhibitor treatment significantly enhanced LATS2 mRNA (Fig. 3C, P<0 .05) and protein (Fig. 3D, P<0 .05) expression in H23 and A549 cells when compared with NC inhibitor treatment. These results suggest that LATS2 serves as a direct target of miR-650. 
Expression of LATS2 is downregulated in NSCLC tissues
and inversely correlated with miR-650 expression. We next measured LATS2 expression in NSCLC tissues and their adjacent normal lung tissues by using RT-qPCR. As shown in Fig. 4A , LATS2 mRNA level was reduced in NSCLC tissues than that in adjacent normal lung tissues (P<0.05). Moreover, we analyzed the correlation between LATS2 mRNA and miR-650 expression in NSCLC tissues. The results revealed that LATS2 mRNA and miR-650 exhibited a significant inverse correlation as calculated by Spearman's correlation analysis ( Fig. 4B ; r=-0.6062, P<0.001).
LATS2 is associated with the effects of miR-650 in NSCLC cells.
To verify whether LATS2 functions as an important mediator of the effects of miR-650 in NSCLC cells, pcDNA3.1-LATS2 plasmid and blank pcDNA3.1 plasmid were transfected into NSCLC cells. As shown in Fig. 5A , LATS2 was significantly upregulated in H23 and A549 cells after transfection with pcDNA3.1-LATS2 plasmid (P<0.05). Following, CCK8 assay and migration and invasion assays demonstrated that transfection with pcDNA3.1-LATS2 plasmid inhibited H23 and A549 cells proliferation ( Fig. 5B and C, P<0 .05), migration and invasion (Fig. 5D, P<0 .05) compared with cells transfected with blank pcDNA3.1 plasmid. These data suggest that the functions of pcDNA3.1-LATS2 were similar to those induced by miR-650 inhibitor in NSCLC cells, thus indicating that LATS2 is a functional target of miR-650 in vitro. Discussion miR-650 has been reported to be abnormally expressed in many types of malignancies. For example, Zhang et al (21) found that miR-650 expression was increased in gastric cancer tissues and cell lines. High miR-650 expression was significantly correlated with lymphatic and distant metastasis of gastric cancer (21) . Sun et al reported that miR-650 was highly expressed in glioma, and obviously correlated with World Health Organization grade and Karnofsky performance score. In addition, the overall survival rate of glioma patients with high expression of miR-650 was more frequently lower than that of gliomas with low miR-650 expression (22) . Mraz et al showed that chronic lymphocytic leukemia patients with high miR-650 had favorable prognosis than that in patients with low miR-650 expression (23). Zeng et al indicated that miR-650 was upregulated in hepatocellular carcinoma tissues. Expression levels of miR-650 were associated with age, differentiation capability and tumor stage in patients with hepatocelllar carcinoma (26) . These findings suggest that miR-650 may be employed as a prognostic marker and has predictive value for prognosis in human cancer.
miR-650 deregulation is thought to contribute to the malignant phenotype of several types of human cancer. In gastric cancer, miR-650 overexpression enhanced tumour cell proliferation, clonogenicity in vitro and tumour growth in vivo (21) . In colorectal cancer, restoration expression of miR-650 promoted the production of IL6 induced by IL1B treatment in osteosarcoma cells by directly regulating ING4 expression and subsequent NFκB transcriptional activity (30) . In hepatocellular carcinoma, ectopic expression of miR-650 accelerated tumour cell proliferation in vitro (26) . In prostate cancer, miR-650 knockdown repressed colony formation, induced cell cycle arrest in vitro, and inhibited cell growth and metastasis in vivo (27) . These findings suggest that miR-650 may be investigated as a potential therapeutic target for the treatments of specific cancers.
To explore the mechanisms underlying the inhibition of NSCLC cell growth and metastasis induced by miR-650 underexpression, we next aimed to explore the direct target gene of miR-650 in NSCLC. Previous studies have identified several targets of miR-650, including ING4 in gastric cancer (21) and hepatocellular carcinoma (26), CDK1, ING4 and EBF3 in chronic lymphocytic leukemia (23) , and CSR1 in prostate cancer (27) . In this study, an important molecular association between miR-650 and LATS2 was observed in NSCLC. Firstly, bioinformatics analysis predicated that LATS2 is a putative target of miR-650. Secondly, luciferase reporter assay demonstrated that inhibition of miR-650 improved the luciferase activity of luciferase reporter with the LATS2 3'UTR wild-type, but had no effect on the luciferase activity of the luciferase reporter containing mutation in the predictive binding sites. Additionally, RT-qPCR and western blotting revealed that miR-650 underexpression enhanced LATS2 expression at the mRNA and protein level in NSCLC cells. Besides, LATS2 was significantly downregulated in NSCLC tissues and was negatively correlated with miR-650 expression. Importantly, LATS2 re-expression decreased NSCLC cell proliferation, migration and invasion, similar to the effects induced by miR-650 knockdown.
LATS2, located in human chromosome 13q11-12, is a member of the LATS tumor suppressor family (31) . Increasing studies found that LATS2 was lowly expressed in several types of human cancer, such as hepatocellular cancer (32) , breast cancer (33), ovarian cancer (34) and so on. Study by Wu et al showed that LATS2 was downregulated in NSCLC and was inversely associated with the T classification, N classification and clinical stage. In addition, LATS2 expression was an independent prognostic indicator for NSCLC patients (28) . Functional experiments demonstrated that LATS2 modulates multiple biological processes, such as cell proliferation, apoptosis, migration, metastasis, and invasion (35) (36) (37) (38) . In NSCLC, upregulation of LATS2 decreased cell migration and invasion of NSCLC (28) . Moreover, resumption expression of LATS2 reduced cell growth and migration in NSCLC (29) . These findings suggest that miR-650/LATS2 pathway may be investigated as a potential therapeutic strategy to inhibit the rapid growth and metastasis of NSCLC.
In conclusion, miR-650 was frequently upregulated in NSCLC and may acted as an oncogene by regulating LATS2. Consequently, miR-650 may have application in miRNA-based therapy for the treatments of NSCLC. However, further studies are still required to evaluate the roles of miR-650 in vivo and in a clinical context.
